Background: Systematic reviews have highlighted that school-based diet and physical activity (PA) interventions have had limited effects. This study used qualitative methods to examine how the effectiveness of future primary (elementary) school diet and PA interventions could be improved.
Background
Low levels of physical activity and fruit and vegetable consumption are associated with increased risk of cardiovascular disease and obesity among adults [1, 2] . Physical activity and fruit and vegetable patterns track from childhood into adulthood [3, 4] . Many children do not consume the recommended five portions of fruit and vegetables per day [5] and do not engage in an hour of moderate to vigorous intensity physical activity (MVPA) [5, 6] . Public health interventions are needed to improve diet and physical activity patterns during childhood and reduce the risk of current and future health problems.
A number of school-based programmes have been evaluated as potential means of changing children's diet and physical activity behaviours [7] [8] [9] [10] . The programmes have been based in schools because the majority of children attend schools, teachers are experts in knowledge provision and behaviour change and there are structures to communicate with children, parents and the wider community [7, 11] . Systematic reviews have reported that the effect of school-based diet, physical activity or obesity prevention programmes have been limited at best [7] [8] [9] . We have recently added to this evidence by reporting that there was no difference in accelerometer measured physical activity, sedentary time or self-reported fruit and vegetable consumption among children attending schools who received the curriculum-based Active for Life Year 5 (AFLY5) intervention when compared to a control group about 12 months later [12] . AFLY5 was a large cluster randomized controlled trial that was conducted in 60 primary schools [13, 14] . The intervention included 16 detailed lesson plans and 10 parent-child interactive components and was an adaptation of the Planet Health programme that was shown to have some effect in the US [15] . The content was developed via extensive formative work and refined after a pilot trial [16, 17] . The lessons, delivered by specifically-trained teachers, focussed on increasing physical activity and fruit and vegetable consumption and reducing screen-time and sweetened beverage consumption [13] . The results from this study, taken together with the existing evidence base, indicate a need to identify more effective strategies to improve physical activity and dietary behaviours in primary (elementary) schools.
Evidence from the international health promoting schools literature has suggested that ownership of the health promotion program by school staff, integration of key components into the curriculum, collaboration with key agencies and leadership from school management are likely to be important for school adoption of health promotion programmes [18] [19] [20] . It is not clear the extent to which these elements are likely to have affected the implementation and success of the AFLY5 intervention in the UK. These issues can be examined via process evaluations, which can assess intervention fidelity, as well as contextual factors that might explain then intervention and highlight ways in which it could be improved [21] [22] [23] .
We have recently reported that the intervention was delivered with a high degree of fidelity but some of the intervention materials were perceived by teachers to have become somewhat dated during the time-lag between development and evaluation [24] . Although it would be relatively easy to update intervention materials and modes of delivery, it is also important to identify other factors that could be addressed to enhance the effectiveness of the intervention. The aim of this paper was to use the process evaluation data from AFLY5 to examine the broader lessons learnt to improve the science and art of future diet and physical activity interventions in schools.
Methods
Data presented here are from the AFLY5 process evaluation, which has been described in detail elsewhere [24, 25] . This paper utilises the parent and teacher interview and child focus group data that were collected at the end of the intervention year to examine responses to the intervention, general views on healthy lifestyle promotion in schools and overall lessons learnt from the project.
The sample for this study included teachers, Headteachers, parents and children. The AFLY5 intervention was delivered by 44 teachers in 30 intervention schools and all 44 intervention teachers were invited to take part in an interview about their experience of AFLY5 with data collected from 20 teachers. The remaining data came from 12 process evaluation schools (six intervention). The process evaluation schools (six intervention) were purposively selected to ensure schools from areas of differing levels of area deprivation and with high or low levels of teaching quality as defined by Office for Standards in Education (Ofsted) Scores (http://www.ofsted.gov.uk/ about-us). Schools were invited to participate and recruited into the process evaluation on a first come first served basis. In the intervention schools, interviews were conducted with four Headteachers and 14 parents, with 36 intervention children also participating in six focus groups (ranging from 3 to 8 children per group). In the six control schools interviews were conducted with eight teachers, six Headteachers and 15 parents, and 34 children took part in six focus groups (ranging from 5 to 7 children per group). Pupils who took part in the focus groups were randomly recruited from all children with valid consent to participant in the study in the school. The teacher and Headteacher interviews and focus groups were all conducted in person by ER at the interviewee's school. The parental interviews were conducted via telephone.
The detailed topic guides for each set of participants are available in the project process evaluation plan [25] . Briefly, however, the topics covered in the teacher interviews included views on health promotion in schools, school involvement in health promotion activities, child engagement in AFLY5 and how the intervention could be improved in the future. The Headteacher interviews assessed the role of health promotion in schools, school involvement in health promotion, thoughts on what makes a successful health promotion strategy in schools, and experiences of participating in AFLY5. Parental interviews asked parents about their thoughts on what is a healthy lifestyle, family diet and physical activity, schools participation in health related activities and their thoughts related to physical activity and nutrition homework activities. The child focus groups asked the children about what they felt they needed to do to be healthy, what lessons they had received in relation to diet and physical activity and what they felt about those lessons and their thoughts on diet and physical activity related homework. All interviews and focus groups were digitally recorded and transcribed verbatim. The mean duration (standard deviation) of the recordings for each group of participants was: 30.6 (10.1) minutes for teachers, 24.3 (7.3) minutes for Headteachers, 36.5 (9.4) minutes for parents and 41.1 (12.5) minutes for students in focus groups.
This study was approved by the Faculty of Medicine and Dentistry Committee for Ethics at the University of Bristol (reference number 111253). All adult participants gave written informed consent, parents gave 'opt out' consent for their children and children gave informed assent.
Analysis
All interviews and focus groups were thematically analysed [26] by ER in NVivo10 (QSR International). Codes were generated both from the topics in the interview guides as well as iteratively from the data. The themes were discussed, refined and agreed by ER, RJ and RC and are illustrated in this paper by selected, anonymised quotes which typify the data. Reporting of the qualitative data is consistent with RATS guidance.
Results
The themes generated were grouped according to four main categories that reflect the level at which the theme operates: 1) child engagement; 2) school; 3) community level engagement; and 4) Government/Policy (Table 1) . These four categories were then broken down further, where necessary, to group together themes into subcategories relating to various aspects of that level. For example, school level categories are broken down further into organisational, curricular and environmental/ethos related sub categories. In addition, two cross-cutting themes: a) building on existing knowledge and skills; and b) adopting a whole school approach to behaviour change were identified. In the sections below, results are presented by the four levels described above.
1) Child engagement
Interviews with teachers and Headteachers indicated that if a project does not involve the children and capture their interest it is not likely to succeed and active lessons in which there are practical components are likely to be more successful. As this Headteacher explained:
"I think it has to be active, the kids have gotta be feeling like they are involved and that it's worthwhile, rather than just being talked to." (Headteacher, school 56 -Intervention) "… it's got to be fun, practical, so the more the children actually do, rather than just be told" (Teacher 3, school 56 -Intervention)
One way of ensuring engagement is by creating activities that encourage children to make their own choices over diet and PA behaviours and helping them to develop a sense of autonomy. According to the teachers and Headteachers, in order to enable children to make their own choices they need to understand why it is important to make these changes, rather than just telling them that they should make the changes in order to be healthy. As the following teachers explained, the children need to see the "purpose" behind what they are learning:
"And so give them some sort of reasoning behind it, why do we eat this and why do we need to exercise and I guess the more they do, they feel it themselves of how, how it affects their bodies". (Teacher 3, school 56 -Intervention) "I think it's got, one of these things is the children have got to want to have ownership of it as well and it's got to be something that they think is again going to be beneficial to them or exciting for them or feel that they are going to make some changes that will happen either for them or for the school". (Deputy Headteacher, school 2, control)
2) School level
The school level findings could be captured under two sub-headings, a) organisational and b) curricular/ethos. Each of these issues is discussed below and summarised in Table 1 .
a) Organisational
The data revealed the importance of having the support of teaching staff in leading and implementing health promotion interventions. Having a key contact to lead the intervention, and having school policies consistent with the intervention, were mentioned by teachers and Headteachers as important aspects of a successful intervention and, in some schools, an element of best practice already present in the school.
"I think, the school needs to identify somebody who will be given the autonomy to be able to run it and that it is backed up by school policies." (Headteacher, school 58 -Intervention)
Having someone in charge championing an intervention was seen to encourage participation.
"because we'll do things if somebody organises it and tells us how to do it and plans it and gives us all the For several participants it was also important for the senior management team to support the project.
"I've seen an awful lot of things go belly up because leadership is very half-hearted and not really involved and has other priorities." (Teacher 1, school 54 -Intervention)
b) Curricular and overall ethos

Teachers as role models
In addition to delivering diet and physical activity related lessons across the curriculum, another important school level theme was to create school policies that ensure teachers acted as role models and adopted the desired behaviours. A number of children commented on their teacher's dietary habits and more specifically the rumours (or reality) that teachers ate whatever they liked while confiscating similar, "unhealthy" items from the pupils;
"Well the teachers always tell us off for having chocolate or sweets or anything but it's really kind of like, they're kind of not doing that themselves because at break time they always get to have cakes…" (Focus group, school 56 -Intervention) "Yeah, you see a teacher walking past with like a caramel or a Cadbury's caramel bar or something. It's so unfair." (Focus group, school 56 -Intervention)
It was also clear that the children sometimes saw the rules around what they could eat in school being applied inconsistently, for example, many of the schools had policies around what snacks and items they could bring in for their packed lunch, however, some of the children noticed these were enforced differently within the school. As children in the focus groups explained: This was also reflected in teacher comments relating to the fact that policies such as lunch box checks, were not always enforced "as much as they probably should" (Teacher 2, school 28 -Intervention)
Embedding diet and PA across the curriculum and school Many of the school staff highlighted the importance of embedding diet and physical activity programmes across the curriculum. In several interviews it was mentioned that the school was already involved in many smaller projects that would fit with a healthy lifestyles intervention focussing on improving diet and increasing physical activity. For example, a whole school healthy week as this teacher revealed:
"We do a lot in school because we're a healthy school, so we do every term there will be, we always focus on the healthy plate and active, active life and the food for life we do, we have a healthy week," (Teacher 1, school 32 -Control)
Many of the teachers did not feel confident, or were not interested or engaged, in the delivery of the PA side of the intervention. PE lessons are not always given top priority in primary schools, with some teachers not putting in as much effort to prepare the lessons, despite the fact "that a good gym lesson is just as carefully prepared as the literacy lesson" (Headteacher, school 50 -Intervention)
"We go as far as to talk about drugs and alcohol, smoking, and personally we choose in year five to make it cross-curricula, which we promote across the school anyway, across curricula teaching. But we link into our Tudors topic, so in terms of Henry VIII and his not very healthy diet, and the consequences of that."(Teacher 2, school 2 -Control)
In an effort to give the subject specifically trained teachers, there were several schools in the study that had dedicated PE staff to teach their PE lessons; this was seen as a positive step towards good PA provision since "it's someone that actually knows what they're doing as opposed to teachers that just take PE lessons and get them to run around and do things" (Teacher 1, school 7 -Control) Several teachers mentioned that the children in their school had already learnt about healthy lifestyles in earlier school years [grades] , and that ideas around good diet and PA practices, therefore, could be introduced earlier in the curriculum, with greater emphasis on personal choice and linking behaviour change to current and future health as the children get older.
"Well pushing it [AFLY5] throughout the school would probably be great so that they are well aware from Year 1, or from Reception all the way through to Year 5." (Teacher 2, school 28 -Intervention)
Eating in school
Several teachers pointed to the importance of getting parental support for food policies relating to items brought into school in lunchboxes and for break time snacks. Some of the schools already ran projects that involved the whole school, for example a healthy lunchbox initiative that involved children acting as ambassadors for the project;
"Yeah, well that would be led initially mostly from assemblies, so we'll start something like that as a whole school initiative, and then there'll be an assembly where we launch looking at healthy lunch boxes or whatever our healthy, transport or something like that. And then they would, the classes, each individual class will then do a little mini project on it normally and then from there certain children will go on and be ambassadors." (Teacher 1, school 2 -Control)
Space for activity and extra-curricular PA provision
Many schools struggled with timetabling additional time in the hall or gym for physical education sessions. As this teacher highlights with regards to what they feel would be needed to run a successful healthy lifestyles project:
"[…] we don't have space and the hall's time is very limited, so just having the areas. It's having the space, and having the equipment make it." (Teacher 2, school 42 -Intervention) Lack of equipment and an appropriate space for lessons was also an issue for schools wishing to offer more cookery lessons and practical learning about food and healthy lifestyles. As one of the Headteachers explained:
we do a lot about around the science aspect of nutrition, you know will it be nice, it would be nice to do more actual cooking, but again it's a resource issue" (Headteacher, school 7 -Control) While it is not within the remit of health promotion projects, nor are most schools able to reconfigure or build classrooms for cookery lessons, there are options that could involve negotiating access to school canteens, integrating cookery lessons with the school food service or linking with community cooking initiatives, as this school had already explored:
"But the next thing is just the space you know, to be able to get as many children involved as possible.
[Yeah]. Our cookery room is about the size of this table" (Teacher 1, school 2 -Control)
The interviews with Headteachers, teachers and parents revealed that all schools offered extra-curricular physical activities or sports, which were met with varying degrees of success: some were often oversubscribed while others were unable to run due to lack of numbers, as these parents explain:
"They were trying to get it up and running at school and [child] was really interested and, I sent, − this was back to Christmas now -because I sent back the permission slip and I sent back my money and then had a phone call to say it wasn't going to happen because there wasn't enough interest" (Parent school, 14 -Control) "Yeah she is, but er, most of the time she does do after school clubs, it was only this term there must've been a lot of kids trying to do what, 'cause like she wanted to do tennis, but they couldn't get in so it's just choir this time." (Parent, school 36 -Intervention)
3) Parental and Community engagement
As typified by the quote provided in the eating in school category above, the teachers felt that greater engagement with parents was seen as an important contributor to the success of an intervention. This engagement is important in supporting children at an age when they are not completely independent when it comes to decision making, as this teacher explained:
if the children go home all fired up about being healthy but then actually the person doing the shopping doesn't feel the same, they're kind of, at this age they're a bit stuck." (Teacher 1, school 2 -Control) The support of the parents is, therefore, crucial in carrying out healthy lifestyle changes at home since'ultimately it is the choice of a parent to decide that and to promote that at home" (Teacher 1, school 45 -Intervention).
"I think one of the main things, which possibly we don't do enough of and I would like to promote it more, would be the links to home. So inviting parents in as well to maybe share in cooking lessons." (Teacher 2, school 2 -Control)
In order to facilitate greater parental engagement, two main factors were identified as important, homework involving parents and bringing parents into the school for events to create interest around activities. Feedback on parental involvement with the AFLY5 homework activities could be broadly summarised as where parents got on board, they supported AFLY5 on the whole, and in schools where parental involvement was low, parents were not so supportive. It was not always clear why this was the case and for some teachers not receiving any comments from parents was seen as a positive thing, since some parents at their schools would actively complain if there was a problem. Some teachers did receive feedback, which revealed concerns over the intervention being "a bit preachy" (Teacher 1, school 56 -Intervention).
It was suggested that bringing parents into school could help to engage them with the project by highlighting the importance of healthy lifestyles and the value of the various elements of the project (such as the homework). Thus, engaging the parents was seen by many as critical and this could be aided by bringing the parents into school to create a buzz around activities. In addition to providing support for teachers, the impact of having a visitor come in to school was mentioned in several teacher and Headteacher interviews. The excitement of having another person tell children about healthy lifestyles, rather than just hearing from the teacher, was desirable for both child engagement and role modelling:
"It would be great if you had when you were doing your science lesson on healthy eating, it will be great to have the school nurse or an NHS kind a professional to come in and give some input on that, um, and similar you know, when you're doing your, your cardiovascular stuff and, 'cause the other thing they've got, is they've got is they've got to kit, and children always like to have kit," (Headteacher, school 56 -Intervention) "Certainly when people, when it's not the normal teachers, when it's people coming in from the outside to give a message, that has a huge impact on our children, somebody else speaking, they still listen to what I say but if you've got a visitor or somebody that represents something, that often has a bigger impact, definitely." (Teacher 3, school 56 -Intervention)
4) Government/Policy
A number of respondents talked about the importance of government support for health promotion initiatives and the need to highlight diet and physical activity as important when compared to other government programmes.
"And I just think unless you know, that focus becomes on it, because it's next in line to be focused on, it isn't gonna happen unfortunately, 'cause I just think well really all the Government really cares about is whether your child's achieving national average, not how many times they are having exercise every week or how much they've learnt about their bodies." (Teacher 1a, school 5 -Intervention) "… you know the government says you're supposed to spend two hours on PE a week, we do try to commit towards that but I wouldn't say we did that, er with some classes it's much less than others." (Headteacher, school 22 -Control)
Cross-cutting themes
The sections above have highlighted the four specific themes that were identified within the data. It is, however, also important to acknowledge that these themes can be grouped into two cross-cutting themes: a) building on existing knowledge and resources and; b) adopting a whole school approach which are also presented in Table 1 . Specifically, provision of extracurricular programmes, creating spaces and time for physical activity and healthy food activities and inviting external experts into the school are all consistent with building on existing knowledge and resources. Furthermore, embedding diet and physical activity across the curriculum, supporting teachers to act as role models, healthy food procurement and provision, and engaging parents all highlight the importance of adopting a whole school approach.
Discussion
The data from interviews with teachers and Headteachers presented in this paper indicate that school staff believed that a diet and physical activity focussed health promotion initiative could be effectively delivered in schools, but support or "buy-in" from school staff was critical. This is consistent with previous findings from dietary [27] , physical activity [28] and health promoting school [18, 19] intervention literature, and suggests that the development of approaches to secure support from school staff is a crucial phase in the development of any school-based intervention. Consistent with information from the health promoting school field [19] , this may be achieved by identifying a key teacher to act as the 'project champion' within the school and then providing that staff member with extra training and resources to ensure that the key project messages are delivered in an appropriate manner. If this approach were adopted it would be important to ensure that the project champions fully supported the project and that this was not just a task that was given to the staff member by the school management. Such an approach would be consistent with the Trial for Activity in Adolescent Girls (TAAG) in which a project champion was used to maintain interest in a school-based physical activity intervention once the content sessions were removed [29] . The TAAG analysis showed that the difference between the intervention and control group was enhanced when structured intervention components were removed from the intervention arms and the only difference between the groups was the presence of project champion. This finding offers evidence of the potential importance of a project champion and suggests that identifying project champions from the beginning of a project is likely to be beneficial to the effectiveness of school-based diet and physical activity programmes. Further examination of the ways to support project champions such as through linking with the school nurse or local community health resources, and evidence of ways to motivate potential project champions such as financial reward or alignment with continuing professional development and career progression opportunities are therefore warranted.
The teachers indicated that the impact of the intervention could have been enhanced by greater integration of the content across all years of the curriculum, engaging the teachers as role models and creating a "buzz" around the programme by using external expert speakers. The data also suggested that these changes would be further enhanced by environmental changes such as increased access to cooking facilities and greater extra-curricular physical activity provision and changes to the school ethos to promote healthy eating and physical activity messages across the school. These findings are consistent with the results of previous studies [30, 31] which have highlighted the benefits of engaging parents, and adopting a whole school approach as well as specific studies that have introduced chefs into primary schools [32] and focused on multi-layered interventions [28] . This finding is also consistent with the principal of curriculum integration which has been identified as central to the success of health promoting schools strategies in Scotland [18] . Inchley and colleagues have reported that school staff often feel overwhelmed by constant reforms and that integration within the broader curriculum is essential for the long-term success of health programmes within schools [18] . Thus, curricular changes that would allow diet and physical activity factors to be embedded across the curriculum would mirror the way that some teachers already deliver in depth topics in primary schools.
It is important to highlight that the adoption of a whole school approach for the promotion of a healthy diet and physical activity is possible, but such a change would require considerable integration of curriculum components.
It is also important to recognise that our feasibility work with teachers and parents suggested that current intervention was at the limits of a tolerable burden for schools within the current educational structures [17] . Thus, it appears that greater behaviour change is possible via schools but greater recognition at the policy level of the importance of diet and physical activity for child well-being is needed. This could be achieved by increasing the time and content provision for healthy eating and physical activity in the national curriculum. Once recognition is achieved at the governmental level, future work could focus on developing programmes that are much more detailed, integrated and time consuming and therefore also resource intensive. Thus, the challenge for public health is to find ways to garner local and national policy support for fundamental changes to the role that schools play in the development and maintenance of healthy lifestyles among children.
The teachers and pupils suggested that facilitation of greater child autonomy in relation to diet and physical activity choices may enhance the likelihood of intervention success. This would suggest that if the children feel that they are making an informed decision about their current and future health they may be more likely to change their behaviour. AFLY5 was based upon social cognitive theory [33] and a key aim of the programme was to increase the children's self-efficacy to change their behaviour. It may, therefore be that a greater focus on increasing autonomy, which would be consistent with the central tenants of self-determination theory [34] would assist change in children's diet and physical activity. Increasingly schools are enabling the voice of the children to be heard through the establishment of student councils and student representatives. Equally, intervention effectiveness is also likely to be enhanced if the teachers feel able and empowered to adapt programme content. These two strategies are consistent with the teacher empowerment and pupil participation strategies that have been identified as important elements of the process by which a school adopts a health promoting school ethos [18] . It may therefore be the case that there is a need for further development work to examine how best to create an environment and ethos in primary schools where teachers feel able to support children to make autonomous decisions about their diet and physical activity and as a result the pupils feel able to change their own behaviour. The increasing evidence base supporting the association between pupil health and educational attainment may help teachers justify inclusion of health promoting components to the curriculum [35] .
Strengths and limitations
The major strength of this paper is the provision of detailed information from parents, children, teachers and Headteachers on how to effectively utilise primary (elementary) schools as a venue to change children's diet and physical activity behaviours. The results are strengthened by the provision of information from schools that received a physical activity and diet intervention and thus can reflect on content received and by information from control schools who can reflect on current practice. A limitation of the study is that there were a greater number of teachers from intervention than control schools but, in analysing the data, we feel that saturation was reached from all sources. It is also important to recognise that this intervention and the associated process evaluation data were focussed on 8-9 year old children in the UK. During the period of this study there were a number of changes to national policy regarding educational provision which may have influenced the outcomes observed. The UK Government established "Academies"independent schools, publically funded, but no longer under the control of the local authority. Together with a Government drive towards improving educational attainment and the withdrawal of a mandatory Healthy Schools programme, these may have influenced the motivation and capacity of schools and their staff to engage with the intervention. While it seems likely that the findings from this study will be applicable to schools/institutions with younger and older children, the specifics may differ and therefore a degree of caution is required when relating these findings to other ages and contexts.
Conclusions
The process evaluation of the Active for Life Year 5 project indicates that changes to the way in which school-based diet and physical activity interventions are delivered would positively affect the success of future diet and physical activity interventions. Future programmes should find ways to increase child engagement in the programme content, identify programme champions, encourage teachers to work as role models, engage parents and embed diet and physical activity behaviour change across the curriculum. Each of these strategies would be consistent with key components of the health promoting schools ethos. As such, our findings may suggest that in addition to curriculum content considerable effort is likely to be needed to develop an environment within schools that can optimise the integration and support of diet and physical activity behaviour change programmes. Specifically, in relation to AFLY5, the data reported in this paper suggest that the intervention effectiveness is likely to have been enhanced by greater integration with the existing curriculum, enhanced support from the school leadership and a broader more extensive school-based programme. It is, however, important to recognise that greater integration of diet and physical activity into the broader curriculum will necessitate fundamental changes to the curriculum which would be most effective if supported by policy makers.
